Stent thrombosis (TS) after percutaneous coronary intervention (PCI) is a rare but potentially fatal complication with an incidence of 1% to over 5%. Risk factors for TS can be divided into factors related to the patient, procedure, stent type and characteristics of the lesion.
Introduction
Stent thrombosis (TS) after percutaneous coronary intervention (PCI) is a rare but potentially fatal complication. The rate of TS in the literature varies from one study to another, ranging from 1% to over 5% (1) (2) (3) (4) . This variation in the incidence of TS is caused due to several reasons including the definition of TS, stent type, time when the study was conducted, type and duration of application of antiplatelet therapy, relationship between patients with stable angina pectoris (SAP) and patients with acute coronary syndrome (ACS) etc. Risk factors for TS can be divided into factors related to the patient, procedure, stent type and characteristics of the lesion. The patient-related factors are: interruption of antiplatelet therapy, resistance to antiplatelet therapy, diabetes mellitus, renal failure and ACS. The procedure-related factors are: procedural complications (eg., coronary artery dissection), inadequate size of the stent or inadequate stent implantation. The type of stent is the most important stent-related factor: BMS (bare metal stents) or drug-coated stents -DES (drug-eluting stets).
Aims
The aim of this paper is to present the incidence, clinical, angiographic, and procedural characteristics of patients with TS in the real, everyday practice.
Methods
The study included 1.055 consecutive patients who underwent PCI from July 2009 to June 2010 who were followed for the next two years, until the end of June 2012. PCI was performed for 6 patients with SAP (elective PCI), unstable angina pectoris (UAP) and non-Q myocardial infarction (NSTE-ACS), and patients with acute myocardial infarction with ST-segment elevation (STEMI). Twenty three patients with definite TS and 70 patients without TS formed the study group (TS +) and control group (TS-), respectively, but the latter was chosen randomly. Definite TS was defined by the criteria of the ARC (Academic Research Consortium). Namely, TS must be confirmed by angiography in the form of partial or complete occlusion within a previously implanted stent or in the segment 5mm proximal or distal to the stent and the presence of at least one of the following criteria: a new beginning acute ischemic symptoms at rest, new ECG changes indicating acute ischemia, or typical rise and fall of cardiac biomarkers. Stent thrombosis occurring 0 to 24 hours, >24 hours to 30 days, >30 days to 1 year and >1 year after stent implantation was defined as acute, subacute, late and very late, respectively (5) .
Three hundred and twenty-four patients, of the total number of patients with PCI, had STEMI. Patients with SAP and NAPs had already been on dual antiplatelet therapy (DAPT) (aspirin 100mg and clopidogrel 75mg daily), and if not, as well as patients with STEMI, at admission were prescribed aspirin 300mg and 600mg clopidogrel with standard heparin or enoxaparin, statin and the other therapy according to the guidelines for the treatment of NSTE-ACS and STEMI and revascularization (6) . DAPT is recommended for one year to all patients with ACS and performed PCI.
All patients had the basic laboratory tests performed (elective patients prior to admission), patients with ACS cardiospecific enzyms and troponin I too, ECG on admission and ECG series after that. Test of platelet aggregation (Multiplate analyzer, Dynabyte, Munich, Germany) was performed in all patients with TS, but not other patients with routine PCI, which showed resistance to aspirin and/or clopidogrel.
Transthoracic echocardiography was done to ambulatory patients with SAP before PCI, and to patients with ACS on the device ALOKA Pro Sound 4000 before entering the cath lab.
Diameter of stenosis was assessed visually on coronary angiography. Angiographic thrombus was defined as a filling defect seen in two or more projections surrounded by contrast. It is thought that the small diameter of the stent was deployed if at least one of the following criteria was met: the stent to the reference segment coronary artery diameter ratio was <1, discrepancy between the stent and the line of the wall of coronary artery and mismatch of the stent size and proximal and distal segment artery in which PCI was performed (3). 16 .02±2.5atm, p<0.05) was lower in the TS+ group and coronary artery dissection was more often in TS+ group (26.1% vs. 8.6%, p<0.005). Similar type of stent (DES vs BMS) was deployed in both of groups. Chest pain and ST segment elevation (STEMI) appeared in the majority of TS+ patients and one death was reported (4.3%) 13 days after stent implantation.
BMS were the most common in TS+ group (69.6%) and by far the largest number of TS occurred within 30 days after PCI ("early TS") (17 patients or 73.9%). DES were applied in 2 patients with late TS+, but BMS were implanted in all of 4 patients with very late TS+ (17.4%) ( Table 3) .
Discussion
Incidence of definite TS+ was 2.2% in our sample. These figures are similar to the results of the other authors (7), since its incidence varies from 1% to over 5%, depending on inclusion criteria and definition of TS+. Thus, Iqbal et al. found TS+ in 1.9% of patients (8) , and van Werkum in 2.1% of patients, with a similar incidence of acute TS (32%), subacute (41,2%) and very late TS (13.5%) as in our study, while a late TS was observed more frequently (13,3%) (3). Cumulative incidence of TS+ in studies with DES was even higher, particularly with earlier generations of DES (with paclitaxel and sirolimus), while new DES generations (with everolimus) caused lower incidence of TS+ (9). Fortunately, the incidence of TS+ has been lower in the recent years because of improved stent design, use of higher rate of pressures and powerful DAPT during stent implantation (10) .
There are no significant differences in demographic characteristics and some risk factors between TS+ and TS-groups, as in the study by van Werkum et al. (11) . However, smoking was significantly more present in our patients (60.9% vs. 21.4%, p<0.02). Also, STEMI was the most common presentation preceding TS+, which is in keeping with the results of other authors. It has been already shown that there is a difficult choice of optimal stent size because of large thrombotic burden and consequent vasoconstriction in STEMI in addition to hypercoagulable state. Our results confirmed that patients with PCI for ACS, especially STEMI, were under much greater risk for TS+, which is in accordance with literature data showing that ACS is one of the main predictors of TS+. Also, higher NYHA class and low left ventricular EF were registered significantly more often in TS+ patients compared to TS-patients, as shown by other authors. Thus, these authors found reduced left ventricular function (EF <30%) twice as many in patients with TS+ compared to TS-patients (16.4% vs.
8.2%).
Procedural complications as coronary artery dissection (26.1%) or greater average stent length (19.69 vs. 17.01mm, p<0.05), smaller stent diameter (2.87 vs 3.0 mm), lower pressure stent insufflation (14.84 vs 16.02 atm, p<0.05), the "underestimated lesions" and the use of smaller diameter stent than optimal (21.7% vs 4.3%, p<0.01) were the main reasons for the appearance of TS+ in our study. The incidence of inadequate stent implantation or use of smaller stent than necessary was 20-30%, as shown by previous studies. Therefore, this percentage was even higher when it was assessed by intravascular ultrasound (IVUS). Severe calcification or large thrombotic burden with consequent vasoconstriction are the most common reasons for deployment of a stent smaller than necessary, but in some cases by incorrect assessment of the true size of the coronary arteries by the operator probably (3).
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The percentage of patients with deployed smaller stent would probably be higher in our study and similar to data from literature if IVUS was used in postprocedural analysis. Coronary artery dissection is the most common reason for TS+ revealed by IVUS, but this device was helpful in finding the cause of TS+ in even 22% of the patients (12) .
Discontinuation of DAPT or resistance to it caused TS in more than two thirds of cases similarly to the results of other authors (3,13). Pfisterer et al. analyzed more than 700 patients with implanted DES and BMS in the ratio 2:1. The rate of adverse events (death or myocardial infarction -IM) did not differ between the two groups of patients after 18 months of follow-up, until some patients stopped taking clopidogrel. The rate of adverse events was significantly higher in the DES group (4.9% vs 1.3%) at that moment (14) . The cumulative incidence of TS+ after 3 years of follow-up was 2% in one large study with 23. Five hundred patients with placed DES, with no difference in relation to the type of DES (with sirolimus vs paclitaxel). Nearly one third of patients (31.6%) stopped taking DAPT because of low compliance in 70% of these patients. The rest of these patients did it because of bleeding, surgery or allergic reaction to DAPT (15) . A similar proportion of patients stopped taking aspirin and/or clopidogrela in our study (34.7%). Inadequate comprehension of the importance of regular use of DAPT seemed to be the main reason for cessation of taking DAPT, but regular use or availability of certain drugs particularly clopidgrel were affected by economics in some patients.
A resistance to DAPT was the cause of TS in more than one third of patients with TS+, besides their poor compliance and/or financial resources. The first study which assessed the clinical significance of poor response to clopidogrel ("non-responders") was on 105 patients with stable coronary artery disease. The authors found that up to 11% of patients did not respond to clopidogrel, and up to 26% had a partial response to the drug ("semi-responders"). A subacute TS occurred 6 days after PCI in 2 out of 5 "non-responders" (16). Lev et al. found nonresponsiveness to aspirin, clopidogrel and dual nonresponsiveness in 12.7%, 24% and 47.4% of patients, respectively. Women with higher BMI (33.8kg/m2) represented the majority of patients with dual nonresponsiveness (to aspirin and clopidogrel) (17) . Other authors find, however, resistance to aspirin, clopidogrel and dual resistance in 11.5%, 6% and 6% of patients, respectively, in more than 800 patients with implanted DES and definite TS in 4.4% of dualresistant patients (18) .
TS+ group of patients underwent PCI with implantation of a new stent in less than one half of cases (47.8%), and the others underwent balloon dilatation (POBA, in 47.8% of patients) and thrombus aspiration (in 4.4%), which results are similar to findings of other authors (11) .
Unfortunately, the GP IIb / IIIa inhibitors were often unavailable during the study period.
There is a higher prevalence of BMS compared to DES in early vs very late TS, DES getting a greater role with elapse of time in the occurrence of TS.
Spaulding et al. did not find a significant difference in the survival rate and cumulative incidence of TS after one year and after four years of follow-up between patients who received BMS (4%) and DES with sirolimus (3.6%), though DES dominate in the group with a very late TS (19) (20) (21) . A share of BMS increased progressively in the occurrence of very late TS, and was even higher, when authors considered the probable and possible TS besides definite TS (2) . A greater availability and better choice of BES may be the reasons for more deployed BMS compared to DES in patients with very late TS in our study.
Kastrati et al. analyzed 14 studies with nearly 5.000 patients comparing BMS and DES (with sirolimus) and showed that the incidence of fatal outcome and IM, as well as the overall risk of TS, did not differ significantly between patients with BMS and DES, but after the first year of follow up TS significantly more frequently presented in the BMS group. It is difficult to explain why the rate of TS is similar between BMS and DES after one year of follow-up if postponed endothelialization is the main mechanism of delayed TS, despite the fact that BMS lead to faster healing of the artery wall. However, there was a slight increase of risk of TS in DES patients in a further four-year follow-up, but there was no statistically significant difference between BMS and DES group (22, 23) .
Mauri et al. found no significant difference in the incidence of TS between BMS and DES group (sirolimus and paclitaxel) after 4 years of follow up of more than 2.200 patients in each group, which is similar to our results, although non-availability of DES or all dimensions of DES contributed to it in our study, and the use of BMS was sometimes forced.
The mechanism of early thrombosis after the use of BMS is the result of platelet activation and inflammatory changes that occur after stent deployment and the ability of stented area for reendothelialization after PCI. The endothelialization process is thought to be complete after 1-4 months of BMS use. Several mechanisms have been proposed to explain very late TS as it occurs long after completing the endothelialization process, such as delayed endothelialization, diffuse in-stent restenosis, plaque disruption near the stented area and stenting of necrotic or ulcerated plaques. Very late TS may occur more than 10 years after BMS deployment, although very late TS is much commonly described after the use of DES. Performing the best possible PCI is the best way to avoid this often fatal complication. However, a better definition of optimal duration of DAPT in patients with stents remains to be further developed and a long-term follow-up is of utmost importance (25) .
Conclusions
The risk of TS is increased in patients with STEMI and impaired systolic function of the left ventricle. Discontinuation of DAPT and resistance to it are common reasons related to patient characteristics. The higher percent of stenosis of stented lesions, greater stent length, small stent diameter ("underestimated lesion"), lower insufflation pressure and coronary artery dissection are procedure-related factors causing TS. TS occurs most usually in almost three-quarters of cases during the first 30 days after PCI, more often after BMS deployment.
